Background {#Sec1}
==========

Tuberculosis (TB) infection is caused by *Mycobacterium tuberculosis.* Pathogenesis of TB includes primary, latent and reactivation TB \[[@CR1]\]. Pulmonary TB is the most frequent type \[[@CR2]\], however, it can affect almost all the human organs. Immuno-compromised individuals are more susceptible. Globally TB is among the most common causes of mortality. The majority of the deaths occur in developing countries and India tops the list. Asia and Africa recorded 61% and 26% of new TB cases respectively in 2015 \[[@CR2]\].

TB affects the CVS, CNS, gastrointestinal, genito-urinary and haematological systems \[[@CR3]\]. Blood disorders due to tuberculosis are rare. However, TB can affect all three-cell lines in the blood. Anaemia, leukopaenia, leucocytosis, basophilia, monocytosis, thrombocytopenia and pancytopaenia are reported haematological complications of TB. Autoimmune haemolytic anaemia (AIHA) is an extremely rare occurrence in TB \[[@CR4], [@CR5]\]. Incidence of AIHA is 1--3 per 100,000 population per year \[[@CR6]\]. The pathogenesis of TB induced haemolysis is unclear but, altered immune response is implicated \[[@CR7]\].

AIHA is due to increased red cell destruction by autoantibodies and the direct coombs test is positive \[[@CR1]\]. Warm type AIHA occurs at ≥ 37 °C, mediated by IgG and the cold type occurs at \< 37 °C, involving IgM antibodies \[[@CR1]\]. Corticosteroid is the first line in treating warm type followed by splenectomy, which usually are ineffective in the cold type. Blood transfusion may be necessary for both types. Commonly a lymphoproliferative disorder causes warm type while, *Mycoplasma* and viral infections commonly cause cold type. Finding and treating the underlying cause of AIHA is essential \[[@CR1]\]. Infection caused by *Mycobacterium tuberculosis* may lead to an immune response that results in the production of IgG, IgM or both antibodies. This would lead to the mediation of warm, cold or mixed type of AIHA.

This study aimed at systematically reviewing globally reported cases of tuberculosis induced AIHA concerning its presentation, investigations and treatment. The objective was to synthesize knowledge related to this rare clinical entity. In 2014, a review on TB induced AIHA cases was reported. This review adds new cases and an in-depth analysis for the previous review which had 16 cases in it \[[@CR8]\].

Methods {#Sec2}
=======

The review was conducted based on the Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) statement \[[@CR9]\].

Eligibility criteria {#Sec3}
--------------------

All published case reports on tuberculosis induced AIHA were included. No studies were excluded based on the year of publication or patient population. Reports published in languages other than English were excluded.

Information sources and Search strategy {#Sec4}
---------------------------------------

The search was done on the 31st of January 2017. Electronic databases and grey literature were searched using strings of keywords (Fig. [1](#Fig1){ref-type="fig"}). Following databases were used for the search: PubMed (Advanced search) \[[@CR10]\], Trip (PICO search) \[[@CR11]\], Google Scholar (Advanced search) \[[@CR12]\], Science Direct (Expert search) \[[@CR13]\], Cochrane Library (Advanced search---Search manager) \[[@CR14]\], Open-Grey \[[@CR15]\] and Grey literature report \[[@CR16]\]. In-addition, the reference lists of the selected studies were checked for relevant articles. MeSH and other relevant terms related to each search engine were used to produce a maximum yield.Fig. 1Keywords for databases and the number of search results

Study selection {#Sec5}
---------------

DR independently screened the titles and abstracts of all identified studies according to the eligibility criteria. The full-text article was examined when abstracts were unclear. SS independently reviewed the selected studies to confirm the eligibility.

Data collection process, data items and data analysis {#Sec6}
-----------------------------------------------------

Year of publication, demographic details, common clinical presentations, investigation findings and the treatment options were extracted from the selected study. Data for the following variables were sought: population---patients with tuberculosis, outcome---autoimmune haemolytic anaemia and study design---case report. All units of measurements were presented in SI units. The CARE guidelines which were "designed to increase the accuracy, transparency, and usefulness of case reports" was used to assess the quality of the case reports \[[@CR17]\]. A score of one was given for each item outlined in the CARE guidelines with a maximum score of 29 for a case report. Data were analysed using Microsoft Excel. Descriptive statistics were used to describe data.

Results {#Sec7}
=======

Selected case reports {#Sec8}
---------------------

A total of 135 results were found from the databases (Fig. [1](#Fig1){ref-type="fig"}). Further, nine articles were selected from their reference lists. Two articles known to authors were also included \[[@CR18], [@CR19]\]. After removal of duplicates, 107 articles were included for the title and abstract screening. Out of which 64 articles were excluded due to irrelevance to the study objective. One article was excluded due to unavailability of abstract or full-text \[[@CR20]\], and another 04 articles were excluded as they were in French \[[@CR21]\], Turkish \[[@CR22]\], Spanish \[[@CR23]\] and Russian \[[@CR24]\] languages. The full-texts of the remaining 38 articles were examined and 17 were excluded, as they did not fulfil the selection criteria of the review. Following the above screening steps, 21 articles \[[@CR18], [@CR19], [@CR25]--[@CR43]\] were selected for the review (Fig. [2](#Fig2){ref-type="fig"}). Out of the selected case reports eight were found from PubMed, two from Google Scholar, nine from screening references of available case reports and two known to authors. According to the quality assessment, the mean score achieved by the selected articles was 23.24 (SD ± 1.92). The maximum score was 27 out of 29 and the minimum score was 20. Consent from patient to publish was not reported in any of the 21 case reports.Fig. 2Flow diagram showing the selection process of articles for this review, according to PRISMA 2009

Demographic data {#Sec9}
----------------

Additional file [2](#MOESM2){ref-type="media"} contains data from each of the 21 reports selected for this review. Eight case reports were from South-East Asia (38%), four from Western Pacific (19%), four from Europe (19%), three from the region of Americas (14%) and two from Eastern Mediterranean (10%). There were no reports from the African region. Country wise, India topped the list with seven reported cases followed by Taiwan (02) and France (02). All other countries (Brazil, Canada, China, Kuwait, Saudi Arabia, Sri Lanka, Tunisia, Turkey, United Kingdom, and the United States of America) reported one case each. According to this review, the first case reported on TB induced AIHA was by Cameron in 1974 from Scotland, United Kingdom \[[@CR43]\]. The first case reported from South-East Asia was from Sri Lanka by Siribaddana and Wijesundera in 1997 \[[@CR18]\]. The latest report was by Kolla et al. in 2016 from India \[[@CR19]\].

The mean age of the patients was 28.38 (SD 14), with an age range of 8--58. Three cases were less than 18 years, and were from India \[[@CR35], [@CR36]\] and Tunisia \[[@CR33]\]. There were 12 (57%) female patients. All patients, except three, belonged to the nations from where their illness was reported. The three patients, reported from Kuwait \[[@CR26]\], France \[[@CR34]\] and Saudi Arabia \[[@CR37]\], originated from Ethiopia, Morocco and Indonesia respectively.

Clinical presentations {#Sec10}
----------------------

Out of 21 patients, chronic cough was present in 48% of the patients, of which 30% (3/10) was productive. Haemoptysis was seen in one patient reported from India in 2016 \[[@CR19]\]. Fever (\> 37 °C) was present in 81%, out of which 47% (8/17) had an intermittent type. Night sweats were seen in two (10%). Loss of appetite was seen in 14.3% and weight loss in 38%. Forty-three percent presented within a month, 29% within one to 3 months and the rest presented after 3 months of onset of their symptoms.

Predisposing factors to acquire TB {#Sec11}
----------------------------------

Past history of pulmonary TB was seen in patients from India \[[@CR27]\] and Scotland \[[@CR43]\]. The patient reported from Canada in 1975 \[[@CR24]\] had a past history of tuberculous salpingitis. Both parents of an Indian patient reported history of TB \[[@CR36]\]. Another Indian \[[@CR35]\] had a contact history for pulmonary TB via his uncle who was treated for 6 months prior to the patients presentation. In-addition, the Moroccan patient reported from France \[[@CR34]\] had travelled to her native country 7 months before the presentation. No other significant predisposing factors were noted from the rest of the 15 patients.

Examination findings {#Sec12}
--------------------

On examination, pallor was seen in 62% of the patients. The majority (57%) did not show a lymphadenopathy. Axillary and cervical lymphadenopathies, which were seen in 33% (3/9) patients, were the most frequent. Abnormal lung signs were seen only in 34% of the patients with the crackles being the most common finding (100% - 7/7) Clinically splenomegaly was noted in 19% (4/21) and hepatomegaly in 10% (2/21).

Laboratory investigation {#Sec13}
------------------------

The mean haemoglobin was 5.77 g/dl (SD 2.2, range 1.8--10.3) (Table [1](#Tab1){ref-type="table"}). Electrophoresis was done in eight patients out of which 37.5% (3/8) had polyclonal-gammopathy and one had haemoglobin SC (from America in 1978) \[[@CR41]\]. Tuberculin skin test was reported in 11 patients. Only five had the width of the induration reported. The mean size of induration was 19.2 mm (SD 17.2, range 10--30). The rest were reported as non-reactive (n = 3), positive (n = 2) and strongly positive (n = 1). Sputum staining for acid-fast bacilli was done in ten patients and 60% (6/10) were positive. Sputum culture for *Mycobacterium tuberculosis* was done in ten patients and 70% (7/10) were positive. All patients were positive for direct coombs test. Indirect coombs test was done in five patients and 60% (3/5) were positive. Out of the 15 cases that classified AIHA, 46.7% were warm, 40%---cold and 13.3%---mixed. 14 patients were reported with a blood film result. Polychromasia (8/14) and spherocytosis (7/14) was seen among more than half of whom had a blood film (Table [2](#Tab2){ref-type="table"}). Bone marrow was carried out in 15 patients and 67% (10/15) of them had erythroid hyperplasia. Anti-nuclear antibody was performed in 71% (15/21) of patients out of which only two were positive. Rheumatoid factor was tested in only two patients and both were within normal limits.Table 1Summary of results of laboratory investigationsName of investigation (Unit)Cases reported (%)Normal rangeRangeMean (SD)Haemoglobin (g/dl)21 (100)\
(M:F = 9:12)M: 14--18\
F: 12--16M:3.5--10.3\
F:1.8--9.3M: 5.41 (2.1)\
F: 6.03 (2.3)MCV (fl/red cell)11 (52.4)7.8--1174.3--128.996.94 (15.6)Reticulocytes (%)17 (81)0.3--2.30.06--21.410.9 (6.1)LDH (U/l)15 (71.4)110--240455--1902909.4 (431.3)Total Bilirubin (µmol/l)14 (66.7)5.1--20.513.7--82.152.2 (21)Direct Bilirubin (µmol/l)12 (57)0.0--6.81.7--51.318.6 (15.3)Haptoglobin (g/l)08 (38)0.36--1.950--0.380.14 (0.14)ESR (mm/hr)07 (33.3)\
(M:F = 2:5)M: 0--15\
F: 0--20M:42--120\
F:30--150M: 81 (55.2)\
F: 85 (47.7)*SD* standard deviation, *Min* minimum, *Max* maximum, *M* male, *F* female, *MCV* mean corpuscular volume, *LDH* lactate dehydrogenase, *ESR* erythrocyte sedimentation rate Table 2Findings of blood films reported from the 14 casesFindingsFrequency out of 14 (%)Polychromasia08 (57)Spherocytosis07 (50)Anisopoikilocytosis05 (36)Anisocytosis03 (21)Macrocytosis03 (21)Normoblasts03 (21)Red cell agglutinins02 (14)Target cells02 (14)Elliptocytosis01 (07)Macrocytic normochromic red cells01 (07)Microcytic hypochromic red cells01 (07)Normochromic cells01 (07)Poikilocytosis01 (07)Tear drop cells01 (07)

Radiological findings {#Sec14}
---------------------

Seventeen patients have had a chest x-ray out of which 18% (3/17) was reported as normal, the rest had findings suggestive of TB (Additional file [1](#MOESM1){ref-type="media"}). An ultrasound scan was reported in six cases and 50% (3/6) of them showed splenomegaly. Seven patients had computed tomography of the chest; lymphadenopathies were seen in 71% (5/7) and tree-in-bud pattern in 26% (2/7). Bronchiectasis was reported only from Tunisia \[[@CR33]\]. High-resolution computed tomography was performed in two and both revealed upper lobar features suggestive of TB.

Site of TB infection {#Sec15}
--------------------

Lung (43%) was the most common site of TB, followed by disseminated TB (29%), lymph node TB (14%), abdominal TB (9%) and genitourinary TB (5%).

Treatment modalities and survival {#Sec16}
---------------------------------

Anti-tuberculosis medicines were given to all 21 patients. Blood transfusion was needed in 48% of the patients. However, steroids were given for 38%. It was impossible to summarize the doses of steroid used due to the variation in reporting. The decision on steroid therapy was based on the benefit vs. risk assessment between treatment of AIHA and the risk of worsening of TB. In-addition, if the patient's haemolytic anaemia failed to respond to anti-TB medicines and/or blood transfusion some physicians have opted for steroid therapy. The combination of anti-tuberculosis medicines, blood transfusion and steroids was needed in 29% (6/21). Out of the patients with warm type, only one 14% (1/7) needed steroids \[[@CR26]\], whereas it was 33% in cold (2/6) and 100% in mixed (2/2). Half of the patients who received steroids for AIHA had disseminated TB, whereas only 15% had disseminated TB in the non-steroid group. In other words, 67% of patients with disseminated TB induced AIHA, needed steroid therapy. Only 13% of patients with other types of TB induced AIHA, needed steroid therapy. No adverse effects were reported with steroid use. All survived, except the one patient reported from India in 2013 \[[@CR29]\].

Cases from India {#Sec17}
----------------

One-third of cases (34%) were reported from India. They were reported from Mangalore, 2016 \[[@CR19]\], Jaipur, 2015 \[[@CR25]\], Bangalore, 2013 \[[@CR27]\], Nagpur, 2013 \[[@CR29]\], Chennai, 2011 \[[@CR31]\], Varanasi, 2005 \[[@CR35]\] and New Delhi, 2004 \[[@CR36]\]. Considering the highest prevalence of TB infection and the highest reporting of TB induced AIHA cases, it is useful to summarize the clinical and laboratory findings from India.

Mean age was 19.6 (SD 9), with 57% being females. Fever, chronic cough, haemoptysis, night sweats, loss of appetite and weight loss were present in 86, 43, 14, 00, 29 and 14% respectively. Pallor, lymphadenopathy, crepitation, splenomegaly and hepatomegaly were noted in 86, 43, 29, 43 and 29% respectively. Mean haemoglobin was 4.86 g/dl (SD 2.4). 72% were unclassified for AIHA type. 14% each were classified as cold and mix types. There were no Indian patients with warm type. Anisopoikilocytosis (57%) was the most common finding in blood films. 71% of patients had erythroid hyperplasia in bone marrow. Lung was the most common site of tuberculosis infection (43%). The combination of blood transfusion and steroids was needed in 29%. All survived, except one from Nagpur, 2013 \[[@CR29]\]. PRISMA 2009 checklist is available as Additional file [2](#MOESM2){ref-type="media"}.

Discussion {#Sec18}
==========

Anaemia alone or in combination with other blood abnormalities was seen in 63% of miliary TB patients \[[@CR44]\]. Proposed mechanisms were nutritional deficiencies, malabsorption due to GIT tuberculosis, associated anorexia and immune mediated marrow suppression \[[@CR7]\]. TB induced AIHA is a rare entity in a patient with anaemia and TB. AIHA is treated with steroids, and in the presence of TB, it would result in adverse consequences \[[@CR7], [@CR8]\]. However, such consequences were not observed in any of the cases reviewed. Routine investigations confirmed the diagnosis of TB and AIHA, among the cases of this review.

Pallor and hepatosplenomegaly were uncommon in TB and provide diagnostic clue for associated AIHA. Most had pulmonary TB with good response to anti-TB treatment. All patients had a positive direct coomb's test \[[@CR18], [@CR19], [@CR25]--[@CR43]\]. The decision to perform a coomb's test was based on the physician's clinical assessment. Blood transfusion and steroids were needed for 48 and 38% of the patients respectively. Higher percentage of patients with disseminated TB induced AIHA (67%) needed steroid therapy in comparison to those who had other types of TB induced AIHA (13%). Contrary to usual management of AIHA only 14% of the warm type required steroids, whereas it was 33% for the cold type.

In concordance with the global prevalence of TB \[[@CR2]\], the incidence of TB-induced AIHA was high in South-east Asia and India. Having no cases reported from Africa was surprising. However, an Ethiopia and a Moroccan were reported to have TB induced AIHA from Kuwait \[[@CR26]\] and France \[[@CR34]\] respectively.

The mean quality assessment score for the selected articles were 23.24 (SD 1.92) out of a total of 29 per article. This shows an acceptable level of quality of the selected articles. Differences in reporting of examination findings, laboratory results and treatment doses were noted. Even differences in confirmation of TB infection were noted. Strict adherence to a case reporting guide like the CARE guidelines \[[@CR17]\] would have minimized it. These limited the review in producing a comprehensive summary of TB induced AIHA. Nevertheless, the review has produced optimum information on TB induced AIHA. Future prospective studies on TB induced AIHA are methodologically challenging considering the rare nature of the disease. However, continuous reporting of similar cases will help improve the understanding of this rare entity.

Conclusions {#Sec19}
===========

Tuberculosis induced auto-immune-haemolytic-anaemia should be looked for, in patients presenting with pallor, lymphadenopathy and hepatosplenomegaly along with other symptoms of tuberculosis. This is important, especially in tuberculosis-endemic regions. Treatment with anti-tuberculosis medicines with steroids should be offered for such patients.

Additional files
================

 {#Sec20}

**Additional file 1.** Data sheet of the review on TB induced AIHA, 2017. This provides the data extracted for the review. **Additional file 2.** PRISMA 2009 checklist. This provides the PRISMA 2009 checklist related to this systematic review.
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